The chemical composition of the leaf oil of Manekia naranjoana (C. DC.) Callejas (Piperaceae) from Costa Rica was analyzed by capillary GC/FID and GC/MS. Fifty-five compounds were identified. Major compounds from the leaf oil were β-pinene (30.6%), α-pinene (18.8%), limonene (13.7%), and β-caryophyllene (6.1%). The oil presented very low toxicity to tumor and non-tumor cell lines, even though it contains components, such as αand β-pinene, limonene and others, which have been shown to be cytotoxic. This is the first report of the chemical composition of the essential oil obtained from this species.
Piperaceae is a family of plants distributed throughout the tropical and subtropical areas of the World, and in Costa Rica is represented by numerous species in the evergreen and rainforest locations [1] . This family is comprised of four genera: the large Peperomia Ruiz & Pavon and Piper Linnaeus, and the small Manekia Trelease (formerly Sarcorhachis [2] ) and Zippelia Blume. Members of this family are recognized by their simple leaves and very small flowers lacking a perianth and borne on a thick spike. Worldwide, the family has considerable commercial value because it is used as a source of condiments (Piper nigrum, black and white peppers), natural drugs (several species of Piper, such as P. longum, are ingredients in the formulations of Ayurveda-Chinese-Unani and Composystems of medicine), as ornamentals (several Peperomia spp. are popular indoor plants) and some plants from the family are used as natural insecticides [3] [4] [5] .
The genus Manekia is composed of about five species ranging from southern Nicaragua to northern Peru and Brazil, with one species described from the Lesser Antilles [6] [7] [8] . The genus was segregated from Piper on the basis of axillary (vs. leaf-opposed) inflorescences [9, 10] . A recent phylogenetic analysis based on DNA sequence data from three genes (rbcL, atpB, and 18S) confirms that it is a distinct taxon, worthy of generic status [2, 8, 11] .
M. naranjoana (C. DC.) Callejas is an unusual climber with long-pendant stems and glabrous semi-succulent vegetative parts. This plant can be found in the rain forest of Costa Rica, but ranges from Costa Rica to Darien, Panama [1] .
The phytochemistry of the genus Manekia has not been extensively investigated. The amide aegeline with anti-leishmanial properties has been isolated from M. naranjoana [12] and M. obtusa [13] . The compositions of the essential oils obtained from leaf and stem of M. obtusa (syn. Sarcorhachis obtusa) have been previously determined [13] . However, to the best of our knowledge, there are no reported studies on the oil composition of M. naranjoana.
The aim of this work was to examine the chemical composition of the oil obtained from leaves of M. naranjoana of Costa Rican origin, as well as measuring the potential toxicity of this oil on cell lines derived from tumors, since some of the components of several essential oils have been proposed as potential anti-neoplastic agents [14] [15] [16] , displaying a potentially new mechanism of chemotherapeutic activity [17] .
Major constituents present in M. naranjoana leaf oil were mono-and sesquiterpene hydrocarbons (65.8% and 21.9%, respectively). Among the fifty-five compounds identified (Table 1) , comprising about 97.3% of the total oil content, the main ones were β-pinene (30.6%), α-pinene (18.8%), limonene (13.7%) and β-caryophyllene (6.1%), which together represented ca. 70% of the oil. Other significant components in the oil were α-selinene (3.4%), β-selinene (2.9%), α-copaene (2.9%) and δ-cadinene (1.7%). In comparison to hydrocarbons, the quantity of oxygenated compounds was fairly small (about 9.5%).
These results are both qualitatively and quantitatively different from the data obtained from a preliminary study of the leaf oil of M. obtusa [13] from Paraná, Brazil, where β-phellandrene (17.4%), α-pinene (15.1%), β-caryophyllene (9.4%), bicyclogermacrene (7.9%) and α-humulene (5.6%) were the main constituents reported.
There are several reports concerning the toxicity of extracts of Piperaceae plants on tumor cells [18, 19] . However, a few reports have been found regarding the antitumor activities of essential oils obtained from this plant family [20, 21] .
When this oil was tested on various cell lines to determine its potential cytotoxicity, it was observed to have a very low effect. None of the volatile compounds of Piper spp. that have been suggested as being responsible for the toxic effect of these oils (β-elemene, germacrene D and the combination of linalool and β-caryophyllene) are significantly present in the oil of M. naranjoana [20] . In the tumor cell lines tested here (lung, breast, liver, colon, leukemia and non-tumor cell line Vero), LD 50 values were higher than 400 µg/mL, with some small differences among the lines (Figure 1 ). Limonene also showed either very low or no toxicity towards the same cell lines tested for the essential oil ( Table 2) .
Apart from limonene, the other main components found in this volatile mixture (α-and β-pinene and βcaryophyllene) have been shown to be toxic individually, but have antagonistic effects when tested together [22] . This fact could help to explain the low toxicity observed with this essential oil on several tumor cell lines. Oil isolation: Air dried leaves (230 g) were subjected to hydrodistillation for 2 h using a modified Clevenger-type apparatus. The distilled oil was collected, dried over anhydrous sodium sulfate, filtered and stored in at 0-10°C. The colorless oil yield was 1.1% (v/w). Identification: Identification of the oil components was performed using the arithmetic retention indices (RI) on a DB-5 type column [23] and by comparison of their mass spectra with either those published in the literature [24, 25] or those from our own database. Total chromatogram integration, expressed as area percent, has been used to obtain quantitative compositional data.
Experimental
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Cell culture: Hepatoma (HepG2), leukemic (K562), lung large cell carcinoma (H-460), gastric carcinoma (N-87), colon adenocarcinoma (SW-620) and kidney epithelial (Vero) cell lines were obtained from the American Type Culture Collection (ATCC). Cells were maintained in Dulbeco´s essential medium supplemented with 10% fetal bovine serum, 2 mmol/L of glutamine, 100 IU/mL of penicillin and amphotericin B in a 37 o C humidified incubator under an atmosphere of 7% CO 2 in air. For the experiments, adherent cells were cultured in 96-well plates (15,000 cells/well) and allowed to adhere overnight. Nonadherent cells (K562) were also plated at 15,000/well.
Cytotoxicity assay:
Various concentrations of the essential oil, previously dissolved in 95% ethanol, were added to the plates in 100 μL of fresh medium and cells incubated for 48 h. After that, 10 μL of 5 mg/mL [3-(4,5dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] (MTT) was added to each well and, after 2 h at 37 o C, medium was carefully removed and 95% ethanol was added to the wells with the purpose of dissolving formazan crystals [26] . Absorbances were read at 570 nm and results were expressed as viability percentages, using controls incubated with 10 μL of 95% ethanol dissolved in culture medium as 100% viability values. (R)-(+)-Limonene (Sigma Aldrich) was also added to the experiment to determine its cytotoxic effect on the same cell lines. LD 50 values were calculated from a concentration versus viability curve using SlideWrite ® Plus 6.1 (Advanced Graphics Software, Inc., Carlsbad, CA), to obtain the concentrations able to induce 50% of cytotoxicity.
